INTRODUCTION
============

Cervical open-door laminoplasty is a suitable treatment option for patients with cervical compressive myelopathy[@B7],[@B8]. Although several techniques have been introduced, the basic procedure of this operation is to open one side of the lamina and make a greenstick deformation on the opposite lamina[@B5],[@B6]. These deformed laminae are called hinges. Regardless of the degree of caution undertaken while performing surgery, hinge fractures (HFs) sometimes occur. Moreover, a delayed fracture can occur because of a mechanical weakness in the deformed lamina, even if an ideal greenstick deformation was made. Fortunately, many papers have reported that the hinges heal, in most cases, without serious complications[@B1],[@B6],[@B9]. However, there is little information regarding the overall status of the hinge and its clinical and radiographic implications. The purpose of this study was to determine the correlation between fractured and not fractured hinges using clinical and radiographic measurements.

MATERIALS AND METHODS
=====================

1. Patient\'s Data
------------------

From January 2004 to December 2012, 75 patients with cervical compressive myelopathy were treated with open-door laminoplasty. Among them, 43 patients had one or more available postoperative computed tomography (CT) scans. There were 28 men and 15 women. The mean age at the time of the surgery was 62.1 (range, 43-80 years). There were 21 patients with symptomatic ossification of the posterior longitudinal ligaments, and the other patients were diagnosed with spondylotic myelopathy. [Table 1](#T1){ref-type="table"} summarizes the demographics of the enrolled patients.

2. Surgical Procedure
---------------------

A standard posterior approach of the cervical spine was used for the open door laminoplasty. The number of laminoplasty segments depended on the extent of spinal cord compression. At first, the junction of the lateral mass and lamina was drilled into with a 3-mm match head burr, and a linear laminectomy was made. The ligament flavum was split with a Kerrison rongeur. Next, on the opposite side, the dorsal cortex was removed and the ventral cortex was thinned until a greenstick deformation of the hinge was attained. The laminae were elevated and the open side was stabilized with plates and screws (Centerpiece, Medtronic Sofamor Daneck, Memphis, Tennessee; Arch, Synthes, Paoli, Penssylvania). Bone grafting was not performed on the hinge. Postoperatively, the patients were encouraged to move their necks without a brace unless they felt severe neck pain.

3. Clinical Measurement
-----------------------

For clinical assessment, visual analog scale (VAS) scores of neck pain (VASn), VAS scores of arm pain (VASa), and neck disability index (NDI) scores were obtained during the preoperative and postoperative periods[@B10]. The severity of the myelopathy was evaluated by the Japanese Orthopaedic Association (JOA) cervical myelopathy score ([Table 2](#T2){ref-type="table"}). The recovery rate (RR) of the JOA score \[(postoperative JOA score - preoperative JOA score)\]/(17-preoperative JOA score) ×100%\] was evaluated using a formula suggested by Hirabayashi, et al.[@B2]. The achieved JOA score (postoperative JOA score - preoperative JOA score) was also evaluated. Postoperative outcomes were evaluated 12 months after the surgery.

4. Radiographic Measurement
---------------------------

Pre- and postoperative lateral radiographs including neutral, maximum flexion, and extension views of the cervical spine were taken. The angles were measured by a line parallel to the inferior aspect of the C2 vertebral body and a line parallel to that of the C7 vertebral body. The cervical lordotic angle was evaluated by these angles of neutral view. Range of motion (ROM) of the cervical spine was assessed by measuring the difference in these angles at flexion and extension[@B4]. ROM change rates were calculated in the following manner: (ROM change rate, %) = (postoperative ROM - preoperative ROM)/(preoperative ROM) ×100. Postoperative outcomes were evaluated 12 months after the surgery.

Cervical CT scans were obtained at 2 days, 3 months, 6 months, 12 months, and 24 months post-operation ([Table 1](#T1){ref-type="table"}). After evaluating the initial status of the hinges using 2-day-postoperative CT scans, the hinges were classified into two groups: \'Deformed\' and \'Fractured\'. \'Deformed\' indicated that the ventral cortex remained intact and demonstrated a favorable greenstick deformation. \'Fractured\' indicated that the ventral cortex was broken and demonstrated unfavorable greenstick deformation ([Fig. 1](#F1){ref-type="fig"}). The overall healing status of the hinges was determined by evaluating the status of each cortex (dorsal and ventral) according to the matrix presented in [Table 3](#T3){ref-type="table"}[@B6]. A hinge was defined as being \'healed\' only if both the dorsal and ventral cortices were bridged by bone ([Fig. 2](#F2){ref-type="fig"}). If the ventral cortex had cortical bridging, but the dorsal cortex had neither cortical nor cancellous bridging, the hinge was defined as \'not healed\' ([Fig. 3](#F3){ref-type="fig"}).

The lordotic angles and ROMs were performed twice, with a week interval in between the two measurements, by two of the authors, and the mean data was evaluated. The status of each hinge was determined by a consensus of two or more of the three reviewers. All measurements were made using a picture-archiving communications system(Maroview, version 5.4; Marotech, Inc., Seoul, Korea).

Twenty-three 2-day-postoperative CT scans were sorted by their clinical and radiographic outcomes into two groups based on the existence of \'fractured\' hinges or lack thereof. At 12 months post-operation, new CT scans were once again sorted, using the same methods, into two groups according to the existence or nonexistence of \'not healed\' hinges. The healing status of each hinge was measured at every evaluation.

5. Statistical Analysis
-----------------------

Statistical analysis was performed using SPSS statistical software package 18.0 for Windows (SPSS Inc, Chicago, USA). The Mann-Whitney U-test and Fisher\'s exact test were used to analyze differences and evaluate statistical significance, which was set at the p=0.05 level.

RESULTS
=======

1. \'Deformed\' versus \'Fractured\' Hinges
-------------------------------------------

There were 7 patients who did not have any \'fractured\' hinges, and 16 patients who had one or more \'fractured\' hinges. Seven patients had only one \'fractured\' hinge, 4 patients had two, 3 patients had three, and 2 patients had four. [Table 4](#T4){ref-type="table"} shows preoperative and postoperative clinical and radiographic parameters for both groups. Several factors were statistically different, but most of the parameters were similar. Postoperative VASn in the \'deformed\' group was higher than that of the \'fractured\' group (p=0.047), but NDI scores did not have any statistical variance. Preoperative and postoperative lordotic angles in the \'fractured\' group were lower than those in the \'deformed\' group (p=0.012, 0.008). The degrees of angle change were similar (p=0.974).

2. \'Healed\' versus \'Not Healed\' Hinges at 12 Months Postoperative
---------------------------------------------------------------------

In 14 patients, all hinges had healed by 12 months postoperation. The other 7 patients had \'not healed\' hinges: 3 patients had one, and 4 patients had two. Preoperative and postoperative clinicoradiographic parameters for both groups are summarized in [Table 5](#T5){ref-type="table"}. There was no significant difference between the two groups.

3. The Hinge Status According to Time
-------------------------------------

The numbers of available hinges were 64, 47, 81 and 41 at 3, 6, 12, and 24 months respectively.

At 3, 6, 12, and 24 months 37.5, 57.4, 86.4%, and 85.4% had healed, respectively ([Fig. 4](#F4){ref-type="fig"}). The healing rate of each \'deformed\' and \'fractured\' hinge was calculated. At 3 months, 56% of the \'deformed\' hinges were healed, but only 7.1% of the \'fractured\' hinges were healed; at 6 months, 85.7% and 14.3%; at 12 months, 89.7% and 86.7%; at 24 months, 95.5% and 86.7% respectively ([Fig. 5](#F5){ref-type="fig"}). At 3 months, 56% of the \'deformed\' hinges were healed, but only 7.1% of the \'fractured\' hinges were healed; at 6 months, 85.7% and 14.3%; at 12 months, 89.7% and 86.7%; at 24 months, 95.5% and 86.7%([Fig. 5](#F5){ref-type="fig"}).

4. Risk Factors of Hinge Status
-------------------------------

To evaluate the risk factors associated with hinge fracture and healing, the following variables were analyzed: age, gender, level of laminoplasty, smoking history, bone mineral density (BMD), and lamina thickness. The \'not healed\' hinge group had low lamina thickness ([Table 7](#T7){ref-type="table"}). However, there was no statistical significance between the \'fractured\' hinge group and the \'deformed\' hinge group ([Table 6](#T6){ref-type="table"}).

DISCUSSION
==========

In the present study, it was found that hinge fractures or the status of hinge healing may not affect clinical and radiographic outcomes of open-door laminoplasty. Postoperative VASa, postoperative JOA scores, RR of JOA score, and the achieved JOA score were not statistically different between the \'deformed\' and \'fractured\' groups. VASn scores in the \'deformed\' group were higher than those of the \'fractured\' group (p=0.047). However, NDI scores, another parameter associated with neck pain, did not have a statistical difference. Therefore, it is difficult to conclude that patients without \'fractured\' hinges have more severe postoperative neck pain. Postoperative ROM and ROM change of the \'fractured\' group were not statistically different from those of the \'deformed\' group. Postoperative lordotic angles in the \'fractured\' group were lower than those of the \'deformed\' group; however, the degrees of angle change were not significantly different. These lower lordotic angles may have been due to lower preoperative lordotic angles. Therefore, there was no statistical difference between the \'healed\' and \'not healed\' group regarding the clinical and radiographic outcomes.

There was no relationship between neck pain at 1 year post-operation for \'fractured\' and \'not healed\' hinges in our series. However, several papers reported that HFs may be a source of postoperative pain. Hirabayashi, et al. warned that HFs could cause transient paresis as well as pain[@B3]. Satomi, et al. described how displacement of osteotomized laminae may lead to severe neck pain[@B7]. Park, et al. reported that the presence of three or more \'unfavorable\' hinges was associated with increased postoperative neck pain[@B5]. However, the criteria for \'unfavorable\' hinge status are different from \'not healed\' criteria, and there are no three or more \'not healed\' hinges in our series. As a consequence of this discrepancy, further studies are needed.

As for the frequency of hinge fractures, the location of the hinge, the width of the hinge, and the presence of traumatic handling have been proposed to be important variables[@B3],[@B5]. Age, BMD, smoking history, and gender, however, were not hinge-fracture risk factors in this study. Nonetheless, hinge healing was associated with the lamina\'s thickness. To avoid hinge breakdown, the open side must be detached before drilling; the hinge side and hinge stability must be frequently checked while elevating the spinous process[@B3]. When thin laminae are identified in preoperative image studies, a more circumspect stratagem is needed during the elevation process.

The actual incidence of HFs and the healing rate of hinges had rarely been reported before this study. Park, et al. reported that \~10% of hinges had been broken as early as 1 week postoperative.5 Rhee, et al. found hinge healing rates of 55% at 3 months, 77% at 6 months, and 93% at 12 months[@B6]. The proportion of hinge fractures at 2 days post-operation was slightly high (36.7%), and overall hinge healing occurred in 37.5% of hinges at 3 months, 57.4% at 6 months, 86.4% at 12 months, and 85.4% at 24 months in this study.

The healing rate of \'fractured\' hinges was lower than the healing rate of \'deformed\' hinges. In order to heal hinges, some authors have used bone grafting on hinges.11 Bone grafting on \'fractured\' hinges may help to increase the healing rate; however, Rhee, et al. reported that the hinge healing rate was high in cervical open door laminoplasty with plates, so plate-only laminoplasty could avoid the added cost and operative time associated with the use of bone grafting[@B6]. In this study, the healing rate of \'fractured\' hinges was similar to that of \'deformed\' hinges at 12 months, and there was no difference in clinical and radiographic outcomes between the \'fractured\' and the \'deformed\' groups. For this reason, additional bone grafting for \'fractured\' hinges may not be necessary.

This study has several limitations. First, this study is retrospective. Some clinical data, such as shoulder pain or serial changes in neck pain, were not precisely recorded. Another limitation is the lack of published criteria for determining hinge status. Finally, our small population size and short-term follow-up period preclude more meaningful statistical data. Therefore, a longer-term study that encompasses a larger population needs to confirm these results.

CONCLUSION
==========

Cervical open door laminoplasty is safe and provides stable reconstruction of the laminar expansion. In radiographs, the difference between hinges that had healed and hinges that had not healed was statistically negligible. The hinge status may not influence the clinical and radiographic outcomes of cervical open door laminoplasty. However, fractured hinges delay healing and decrease healing rate, and many non-healed hinges may cause postoperative neck pain. Therefore, the process of making hinges requires a fastidious procedure. Even if hinge fractures are identified during the surgery, bone grafting for hinge healing may not be necessary.

![CT scans taken on postoperative 2 days. (**A**) Deformed. The ventral cortex remained intact. (**B**) Fractured. The ventral cortex was broken.](kjs-11-45-g001){#F1}

![(**A**) Cortically remodeled hinge. (**B**) The ventral and dorsal cortices are bridged by cancellous bone.](kjs-11-45-g002){#F2}

![Hinge nonunion with no bone bridging either dorsal or ventral cortices of the hinge.](kjs-11-45-g003){#F3}

![The overall proportion of healed hinges at each time point.](kjs-11-45-g004){#F4}

![The healing rate of \'Deformed\' and \'Fractured\' hinges identified at postoperative 2 days CT scan. Healing rates of hinges were similar after 1 year.](kjs-11-45-g005){#F5}

###### 

Patient demographics
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OPLL, ossification of posterior longitudinal ligament; CSM, cervical spondylotic myelopathy; CT, computed tomography.

###### 

Evaluation of cervical myelopathy using the scoring system proposed by the Japanese Orthopaedic Association (JOA) score^\*^
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^\*^A cumulative normal grade in a healthy individual is 17

###### 

Definitions of hinge healing status^\*^
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^\*^Both the ventral and dorsal cortices must be bridged with bone to be considered healed

###### 

Clinical and radiographic outcome parameters of the patients to be available CT scans at postoperative 2 days
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Note: Values are mean±SD.

OPLL, Ossification of the posterior longitudinal ligament; CSM, cervical spondylotic myelopathy; Preop, preoperative; VASn, visual analog system of neck pain; Postop, postoperative; VASa, visual analog system of arm pain; NDI, neck disability index; JOA, Japanese Orthopaedic Association; ROM, range of motion; SD, standard deviation.

###### 

Clinical and radiographic outcome parameters of the patients to be available CT scans at postoperative 12 months.
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Note: Values are mean±SD.

OPLL, Ossification of the posterior longitudinal ligament; CSM, cervical spondylotic myelopathy; Preop, preoperative; VASn, visual analog system of neck pain; Postop, postoperative; VASa, visual analog system of arm pain; NDI, neck disability index; JOA, Japanese Orthopaedic Association; ROM, range of motion; SD, standard deviation.

###### 

Univariate comparison between \'fractured\' group and \'deformed\' group
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Note: Values are mean±SD.

BMD, bone mineral density; SD, standard deviation.

###### 

Univariate comparison between \'not healed\' group and \'healed\' group
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Note: Values are mean±SD.

BMD, bone mineral density; SD, standard deviation.
